Introduction
============

Real time dynamic imaging during cancer treatment cycles is crucial to understand and assess the real time therapeutic response of the tumors to a given cycle of therapy. Imaging \'snapshots\' of the cancer before and after, rather than during, treatment cycles do not allow a continuously updated assessment and adjustment of treatment tactics for effective therapy. Currently, therapy is conducted with static imaging measurements of tumor volume before and after treatment with a, sometimes lengthy, \'information blackout\' in between. This "conventional" state of information-gathering could be referred to as the stupidity of clinical intelligence. Traditional radiologic paradigms do not readily provide the means to inject new information into the collection plans after treatment is initiated.

According to the Response Evaluation Criteria in Solid Tumors (RECIST) and the World Health Organization (WHO) criteria, anchored in the mainstream of clinical trials, tumor response is determined anatomically with measurements taken at the start and the end of treatment. The tumor is imaged prematurely i.e. before the official end of treatment only if the physician suspects the patient has clinically progressed. Exceptions are few, but include Hodgkin \'s disease where imaging is carried out to determine the total number of cycles of chemotherapy to be administered [@B1]. Also, in radiotherapy, intermediate imaging is carried out after a certain dose to determine the feasibility of shrinking the field [@B2]. However, in conventional treatment strategies, by the time the tumor is imaged after treatment, the war is over because adaptation mechanisms that lead to treatment resistance have often already evolved in the tumors. Multidrug resistance has been considered a major mechanism by which many cancers develop resistance to therapy. Tumors possess mixed population of normal and neoplastic cells. Even within the population of neoplastic cells in tumor there will be a wide variety of cells with various levels of responses to cancer therapy. When the tumor is treated with therapeutics, the sensitive cells respond and die while the recurrent tumor that appears from the resistant tumor cells tend to make the tumors drug resistant. To overcome this problem of drug resistance several pharmaceuticals were developed by various companies, which can sensitize the resistant cells in the first therapeutic regimen itself and kill both sensitive and resistant cells. In some other cases drugs have been developed to overcome the drug resistant mechanism and kill both sensitive and resistant cancer cells [@B3]-[@B5].

Tumors are characterized by an inherent adaptability to therapeutic perturbations. Appropriate treatment strategies that have traditionally been deployed based on best guesses and trial and error, therefore demand a power of adjustment that is at least equal to that of the tumor; the ability to stay one step ahead of the cancer resistance curve with clinical countermeasures requires the means and the flexibility to adjust and adapt the therapeutic *modus operandi* in real-time according to the response of the tumor. The transition from an era of \"one size fits all\" therapies to a model of personalized medicine requires a corresponding shift in radiological and imaging paradigms from static to a real-time dynamic monitoring of response.

Dynamic and real-time image analysis is able to provide repeated estimates of metabolic parameters and microvascular function during therapy; in this way it is possible to take advantage of treatment-induced hemodynamic and metabolic changes as they occur to exploit the vulnerability of the tumor to other treatment modalities. In particular tumor blood flow changes can be used as an early indicator of effect to determine the optimal dose scheduling for combination therapies.

This review proposes a new paradigm for the integration of tumor imaging with cancer treatment. Combination therapeutic strategies with newer investigational compounds (e.g. Axitinib and RRx-001, in Phase III and Phase I trials, respectively, antioxidant chemo protective agents in different stages of clinical trials, and microRNAs in preclinical stage) are highlighted as examples for the incorporation of dynamic real-time monitoring into clinical studies to gauge anti-tumor response to therapy [@B6]-[@B12].

Imaging Modalities
==================

Continuous assessment on a real-time basis with non-invasive imaging modalities such as positron emission tomography (PET) [@B13]-[@B15], magnetic resonance imaging (MRI) [@B16]-[@B18], and ultrasound (US) [@B19]-[@B21] provides a data composite of the continually evolving conditions and characteristics of the tumor in terms of vascularity, vascular permeability, blood flow, blood volume, hypoxia, metabolic activity, and cell turnover. However, data without analysis is meaningless. It is up to the clinician, working with the radiologist, to make sense of this raw jigsaw jumble of information, extrapolate a coherent clinical picture from disparate and fragmentary pieces of data and fill in the missing gaps with different modalities that complement and corroborate the heuristic assumptions. It is axiomatic that the tumor is dynamic, active and adaptive and therefore the clinical picture is continually evolving with the changes in therapeutic orientation and position. In this model of hide-and-seek the imaging assessments must be repeated iteratively and interactively to uncover the evasive response patterns of the tumor in order to rapidly react to them, allowing the imaging to drive the treatment **(Figure [1](#F1){ref-type="fig"})**. From global to local, each imaging modality provides a different and complementary field and level of view comparable to the space, air and ground reconnaissance platforms of the military.

Positron Emission Tomography (PET) and Computed Tomography (CT)
---------------------------------------------------------------

Like a satellite that looks down at the Earth\'s surface, providing a "bird\'s eye" view that is distinct from the "horizontal view" of the human eye, positron emission tomography (PET) and computed tomography (CT) provide a top-down perspective about anatomical and biological tumor information [@B22], [@B23].

PET is a nuclear medicine imaging technique that detects gamma rays emitted indirectly by a "tracer" or positron-emitting radionuclide [@B24], [@B25]. Depending on the tracer that is used, 3D images of a particular functional process of the tumor can be constructed. Currently there are a wide variety of tracer options that are specific to each type of measurement such as \[^18^F\]-fluoro-2-deoxy-D-glucose (FDG) for glucose metabolism [@B26]-[@B28], \[^15^O\]-water for perfusion, \[C^15^O\]-carbon monoxide for vascular volume, \[^18^F\]- 3\'-deoxy-3\'-fluorothymidine (FLT) for tumor cell proliferation, and \[^18^F\]- fluoromisonidazole (FMISO) for hypoxia [@B29]. The nitroimidazole, ^18^F-EF-5, is a new PET marker, currently under development for imaging hypoxia [@B30], [@B31] **(Table [1](#T1){ref-type="table"})**. Following a scan, kinetic (compartment) models based on the principles of mass conservation are used to deduce physiological parameters from the time course of the local signal intensities (e.g. perfusion, blood volume) [@B32]. Compared to other imaging modalities, PET techniques that are extremely sensitive to the radiotracer, can provide excellent functional information but are limited in spatial resolution (3-4 mm) [@B33].

X-ray Computed tomography (CT) is an image reconstruction technique that assimilates projection-type data of x-ray photons that traversed the patient. When projection data is acquired from multiple spatial orientations around a single axis of rotation, a high resolution cross sectional image can be reconstructed. Digital geometry processing is used to generate a three-dimensional (3-D) image from a large series of two-dimensional (2-D) images or \'slices\' [@B34]. CT has been widely used in various oncologic applications such as tumor diagnostic imaging, staging, and in decision-making process to evaluate tumors response to therapy. Current advances in CT technology such as the development of spiral-CT and dual energy CT has further advanced the use CT-imaging as a high speed technique with the potential to provide information regarding the tumor architecture before and after treatment as an indirect indication for measuring therapeutic response of tumor to a given therapy [@B35], [@B36].

PET/CT takes advantage of the sensitivity and functionality of PET imaging and the high spatial resolution of CT imaging [@B37]. CT is therefore commonly used in combination with FDG-PET and FLT-PET. PET and CT are combined into a single examination using an integrated PET/CT scanner that provides coregistered PET and CT images and, depending on the PET tracer, allows for the assessment of specific functional characteristics of the tumor with the contrast enhanced tomographic images from CT [@B37], [@B38]. Recent advances in PET-CT imaging with the improved spatial resolution has made their use in the clinic for in room real time assessment of radiotherapy [@B39], one step closer to the use of a combination of real time imaging system with the treatment strategy in the assessment of tumor response to therapeutic interventions in cancer therapy, the eventual focus of this review.

Magnetic Resonance Imaging (MRI)
--------------------------------

Similar to aerial reconnaissance, dynamic contrast enhanced Magnetic Resonance Imaging (MRI) provides a detailed anatomic and functional overview of particular targets such as tumors and this information can be correlated with the metabolic activity information provided by PET. MRI makes use of the property of nuclear magnetic resonance (NMR) to image nuclei of atoms and provides good contrast between the different soft tissues of the body making it especially useful in imaging tumors [@B40], [@B41].

Dynamic contrast enhanced MRI (DCE-MRI)
---------------------------------------

Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) relies on fast MRI sequences obtained before, during and after the bolus injection of the contrast agent. In this way, if conventional contrast-enhanced magnetic resonance imaging (MRI) is analogous to a snapshot, DCE-MRI is analogous to a movie, providing information about tumor vasculature as the contrast agent (CA) passes out of the blood vessels into the extracellular extravascular space [@B42], [@B43]. The most commonly used IV contrast agents are low molecular weight paramagnetic Gadolinium (Gd) compounds. By analyzing the uptake of the contrast agent into the tumor using an appropriate mathematical model, physiological parameters related to blood flow, vessel permeability or "leakiness", and tissue volume fractions of the extracellular extravascular leakage space (EES) can be extracted for each voxel or region of interest [@B44]. The parameters that are typically measured are: (1) the volume transfer constant (*K^trans^*) or (2) the area under the initial contrast agent time curve (iAUC) [@B45]. *K^trans^* is an estimate of tumor vessel blood flow and permeability and iAUC reflects blood flow, vascular permeability, and the fraction of interstitial space [@B46]. The relationships between quantitative parameters (e.g. *K^trans^*) and semi-quantitative parameters (e.g. iAUC) provide specific readouts of perfusion and permeability, which correlate with the tumor vascular physiology [@B44], [@B47]. These parameters can be used for selecting optional therapeutic strategy needed for the treatment. DCE-MRI has been successfully used for evaluating invasive properties of breast cancer (ductal carcinoma in situ), prostate cancer and various other cancer subtypes. However the use of DCE-MRI has not been well explored for therapy monitoring, and in the evaluation of tumor response to various therapies.

Ultrasound (US)
===============

Contrast enhanced ultrasound (CEUS)
-----------------------------------

In contrast to the bird\'s eye perspectives provided by PET and DCE-MRI, a more myopic view of tumor microvasculature, analogous to a narrowband acoustic ground-based military sensor, is provided by contrast enhanced ultrasound (CEUS). Due to its wide clinical availability, portability, non-invasiveness, ability to deliver multiple infusion of the contrast agent (CA), the absence of risk of nephrotoxicity, and lack of exposure to nuclear tracers or ionizing radiation, CEUS imaging represents one of the most promising tools to assess tumor hemodynamics [@B48], [@B49]. CEUS allows imaging of the tumor microvasculature by combining the use of specialized pulses of transmitted sound and processing of the received echoes with intravenously injected ultrasound contrast agents (USCA) that comprise of gas-containing thin-shelled microbubbles of approximately 1-5 μm in diameter [@B49], [@B50]. Their size allows the microbubbles to remain strictly intravascular where they can be detected with high sensitivity and specificity. The time-intensity curve in the region of interest following a bolus injection of USCA depends on tumor perfusion kinetics allowing a semi-quantitative measure of parameters such as peak intensity, time to peak (TTP) intensity, mean transit time (MTT), washout rate, and area under the total enhancement curve, with most scanners offering data analysis software. Another technique called destruction-reperfusion is more dependent on blood flow and fractional blood volume within the region of interest. Real-time observation of replenishment kinetics is acquired during USCA infusion to stabilize blood concentration, using low acoustic pressure (low MI‑ mechanical index) following a microbubble destruction pulse (\"flash\") [@B51].

The unique size of the microbubbles gives CEUS a major advantage over contrast-enhanced CT and DCE-MRI in characterizing tumors with increased vascular permeability and a large interstitial space (e.g. liver tumors). Whereas DCE-MRI may show prolonged enhancement due to contrast leakage into the tumor interstitium, CEUS demonstrates the washout phenomenon clearly and consistently [@B52]. CEUS imaging can be further enhanced by the use of specifically targeted microbubbles. For example microbubble targeted to the human kinase insert domain receptor (KDR, VEGFR-2), is under development for the specific imaging of tumor angiogenesis [@B53]. In some studies dual targeted microbubbles were developed to target two different proteins of tumor vasculature (VEGFR and alpha(v)beta(3) integrin) for imaging tumors with enhanced sensitivity [@B54]. CEUS also plays potential role in assessing tumor response to therapeutic interventions in cancer therapy. Since US-imaging system is widely available for clinical use, the optimization of this system for routine real time monitoring in cancer therapy in the clinic would be beneficial in determining the change in drug dose, number and frequency of administrations to achieve favorable outcome without allowing the tumor to develop resistance to a given therapy.

US Elastography
---------------

By applying pressure with the ultrasound transducer during real-time imaging, analogous to a physician\'s palpation, tissue displacement of one region relative to another is tracked in real time using ultrasonic correlation based methods to calculate the relative stiffness between these two regions as is done by most ultrasound based elastography devices, such as the General Electric LOGIQ E9 system. However, when applying rapid ultrasound pressure pulses of short durations to displace tissues, a shear wave is generated that is also detected by real time ultrasound. Acoustic Radiation Force Impulse Elastography (ARFI) provides specific information about tissue stiffness or strain of any region within the field of view and provides image contrast based on the shear wave velocity expressed in kiloPascals or m/sec [@B55]-[@B57]. Several ultrasound scanners, such as the Aixplorer with SonicTouch (SuperSonic), and the Acuson S2000 with Virtual Touch (Siemens), implement ARFI technology for evaluation of deep tissues such as the liver parenchyma, kidneys, or tumors that are not accessible to superficial compression elastography techniques.

The Use of Imaging Modalities in Combination with Therapeutic Strategies
========================================================================

The war on cancer is fought on multiple fronts and in multiple patients but in most cases, like a multi-modal military operation, an armamentarium of therapeutic approaches is more successful than single-agent therapy. Timing is very important in combination therapy, where the optimal sequence of administration is determined by dynamic monitoring, which has the potential of *in vivo* synergy resulting in significantly improved patient outcomes. For example, angiogenesis inhibitors are rarely sufficiently active as monotherapy and are therefore typically combined with well-established modalities comprising mostly of cytotoxic agents [@B58], [@B59]. The angiogenesis inhibitors, such as Avastin, are typically long acting, with prolonged pharmacodynamic half-lives designed to provide stable therapeutic levels of drug with infrequent dosing. This vascular-targeted strategy is based on the dual assumptions that sustained inhibition of angiogenesis is required for optimal activity and single mode angiogenesis inhibition is invulnerable to escape due to the redundancy of proangiogenic pathways.

Combination therapeutic approach using Axitinib and FOLFOX
----------------------------------------------------------

In combination with chemotherapy, Reid and colleagues explored a novel therapeutic strategy with Axitinib, a small molecule tyrosine kinase inhibitor with a short half-life [@B60] that inhibits cellular signaling of multiple targets including VEGFR-1, VEGFR-2, VEGFR-3, platelet derived growth fact receptor (PDGFR), and cKIT (CD117) [@B61], [@B62]. In previous trials, axitinib dosing was designed to overcome the short half-life of the molecule and to maintain high and sustained levels of inhibition of VEGF and other targets thus maintaining a constant inhibition of blood flow into the tumor. However, with this dosing scenario, axitinib had failed to demonstrate activity either as a single agent in renal cell carcinoma or in combination with FOLFOX or FOLFIRI in advanced pancreatic cancer or metastatic colorectal cancer [@B63].

Using FLT-PET/CT, Reid and colleagues examined metabolic changes and demonstrated a decreased uptake of thymidine during the treatment phase (BID doses for 7 days) and increased uptake during the withdrawal phase (7 days). This FLT PET/CT data suggested a rebound hyperemia after the effects of Axitinib had dissipated. Based on the FLT-PET imaging for tumor proliferation and tumor blood flow measured by CT, FOLFOX was later administered during the putative tumor reperfusion phase. This new regimen resulted in markedly different outcomes compared to previous dosing modalities. The median progression-free survival (PFS) was nearly 6 months longer (9 versus 3 months) than expected for refractory colorectal cancer with this regimen. This prolonged median PFS was comparable to first-line therapy in previously untreated metastatic colorectal patients.

These data suggest that identifying tumor vasculature responses to vascular modifying agents on the fly is critical to optimally guide the timing of combination therapy with cytotoxic chemotherapeutics, to maximize antitumor activity through increased delivery of drugs after resumption of blood flow. Real time imaging with one or more of the above mentioned imaging modalities could help to identify optimal therapeutic intervention in this case and improve the outcome.

Prospective combination therapeutic approach using RRx-001
----------------------------------------------------------

RRx-001 is a novel intravenously administered pro-oxidant and nitric oxide (NO) modulating small molecule that is currently under evaluation in a Phase 1 study as a systemic anticancer agent [@B64]. From preclinical studies, the selectivity of RRx-001 is hypothesized to be based on the increased susceptibility of cancer cells to oxidative and nitrosative stress, possibly as a result of reduced expression of antioxidant defense enzymes such as superoxide dismutase-2, and the microvascular reactivity to nitric oxide modulation which can be exploited for selective manipulation of tumor blood flow. In addition, RRx-001 binds irreversibly to deoxyhemoglobin [@B65], modifying its nitrite reductase activity to endogenously generated high levels of NO under deeply hypoxic conditions [@B66] that are endemic to tumors.

The Phase 1 study of RRx-001 is designed to incorporate DCE-MRI and CEUS to study tumor blood flow kinetics and elastography, in addition to conventional tumor assessments, to assess the effects on the tumor vasculature. Changes in tumor vasculature, measured pre- and post-treatment will be used to design the optimal dosing schedule for Phase 2a radio- or chemotherapy combination studies. It is also under consideration for the implementation of real time imaging by CEUS to measure tumor blood flow kinetics and elastography before, during and after systemic administration of RRx-001 for continuously monitoring the evolving situation in the tumor to determine the therapy response criteria, and also to highlight the importance of real time imaging using CEUS for therapeutic monitoring in various other cancer therapies.

Need of New Targets for Successful Therapy
==========================================

The major failure in treatment responses to anticancer drugs, either in monotherapy or as combination therapy, is due to resistance developed in cancer cells. This occurs by three major mechanisms: 1) activation of the multidrug resistant p-glycoprotein efflux pump which rapidly clears chemotherapeutic drugs from the tumor, 2) cytochrome p450 mediated enzymatic neutralization of the effect of chemotherapeutics by phase I regulation, and 3) expression of phase II antioxidant enzymes which detoxify free radicals generated during therapy **(Figure [2](#F2){ref-type="fig"})**. Of these three mechanisms, the Phase II antioxidant detoxification mechanism is considered the major pathway responsible for effectively detoxifying the effect of cancer therapy, as this system is sensitive to and critical for maintaining cellular redox homeostasis, and a cascade of enzymes with different properties are rapidly activated to govern the effects from physical and chemical agents. Moreover, this particular mechanism is upregulated in cancer cells. Reactive oxygen species (ROS) are constantly generated in cells, including cancer cells. Cells maintain their redox homeostasis by developing mechanisms that protect them from oxidative stresses [@B67], [@B68]. Since this mechanism is so well designed by nature to protect cells from free radicals produced during oxidative stresses in their aerobic environment, it also presents a major obstacle for tumor cell response to chemo- and radio- therapy. Chemotherapeutic drugs and radiotherapy normally induce ROS or release free radicals that cause cytotoxic damage and apoptosis in cancer cells. However, the therapy also activates the endogenous antioxidant detoxification mechanisms that hinder or counteract the therapeutic effects.

Phase II antioxidant detoxification mechanism governed by Nuclear factor erythroid 2 related factor 2 (Nrf2) and resistance to cancer therapy
---------------------------------------------------------------------------------------------------------------------------------------------

Cells critically manage their intracellular ROS levels to maintain their redox homeostasis. Disruption of redox homeostasis by any means, especially in cancer cells after treating with anticancer drugs, can potentially activate this endogenous chemoprotective antioxidant mechanism. By activating this process, cells can develop a temporary adaptation to prevent the action of anticancer drugs. Nuclear factor erythroid 2 related factor 2 (Nrf2) is a transcription factor expressed in cells that protects cells from oxidative stresses by inducing antioxidant enzymes [@B69]-[@B71]. Oxidative stress increases when cells are exposed to any harsh conditions, such as when cancer cells encounter and react to anticancer drugs during treatment. Kelch-like ECH-associated protein 1 (Keap1) is important in rescuing cells from oxidative stresses [@B72]-[@B74]. Keap1 is an E3 ubiquitin ligase, which targets Nrf2 and constantly degrades its cytoplasmic form and maintains its nuclear form at a very low level to maintain cellular antioxidant enzymes at basal levels. However, when cells experience oxidative stress, Nrf2 gets phosphorylated by protein kinase C (PKC) [@B75] and trafficked into the nucleus, where it recruits its client protein (small-maf), binds to antioxidant response elements (ARE), and induces antioxidant enzyme expression. This basic mechanism of ROS detoxification is considerably up-regulated in cancers. It has recently been reported that different oncogenes (Kras, Braf, and myc) can induce Nrf2 transcription and promote ROS detoxification and tumorigenesis [@B76].

The use of chemo- and radio- therapies is obligatory for treating many cancers, including those not having specific targeted therapies, and advanced metastatic disease requiring palliative therapy. To improve the therapeutic efficiency, it is important for the drugs not to activate the tumor cells\' antioxidant mechanism, which is generally up-regulated in tumor cells mainly due to their hypoxic microenvironments, and other up-regulated metabolic pathways [@B70], [@B76]. The Nrf2-Keap1-mediated antioxidant mechanism is a major inherent immune mechanism that protects cells from ROS and develops resistance in cancer therapy [@B77], [@B78]. Developing drugs that can potentially bypass this process, or using a strategy that temporarily stops this endogenous process during treatment could result in more effective treatment options devised to achieve efficient therapy. Current drug developments and therapeutic strategies largely ignore the redox homeostasis aspects cells. Hence developing a combination therapy where the use of small molecule drugs that block the cellular phase II detoxification process during cancer therapy would enhance therapeutic outcome. Real time imaging with the potential to measure the level of activated endogenous antioxidant drug resistant mechanism while treating cancers with a combination therapy can be likely to be useful for adjusting the concentration and duration of antioxidants needed for treatment to improve therapeutic outcome.

Emerging role of microRNAs in targeted cancer therapy
-----------------------------------------------------

Even though the use of antioxidants with current chemo- and radio- therapy can potentially improve the therapeutic efficiency in treating different cancers, blocking various endogenous drug resistant mechanisms before deploying therapy can even further improve the therapeutic response of tumors to a given therapy. MicroRNAs possess the ability to act as tumor suppressors by regulating the expression of oncogenes, apoptotic proteins, kinases, and other molecular mechanisms that can cause the onset of tumor development. MicroRNA let-7 was identified as a tumor suppressor in different types of tumors, such as breast cancer [@B79], colorectal cancer [@B80], and lung cancer [@B81]. MicroRNA-122, let-7 family, and microRNA-101 have been shown to function as tumor-suppressors in HCC [@B82]. Numerous studies support the idea that microRNAs act as tumor suppressors by regulating anti-apoptotic proteins [@B83]-[@B85]. MicroRNA-122, a liver-specific microRNA that is associated with the pathogenesis of HCC, and responsible for HCC resistance to conventional chemotherapy, was found to be downregulated in HCC. Overexpression of microRNA-122 in HCC cells sensitized them to adriamycin and vincristine by down regulating multidrug resistance (MDR)-related genes (MDR-1, GST-π, MRP), anti-apoptotic gene (Bcl-w), and the cell cycle related gene (cyclin B1), thereby acting as a tumor suppressor [@B86].

Recent work by Hatziapostolou et al. has identified microRNA as a new player in HCC carcinogenesis, which can serve as a potential target for the treatment of HCC [@B87]. An inflammatory feedback loop circuit involving microRNA-24/microRNA-629/HNF4alpha/microRNA-124/STAT3/IL-6R has been identified, which - upon activation - can suppress HNF4-alpha, thereby inducing HCC. Considering the therapeutic success and efficacy of microRNA-124, Hatziapostolou et al. further proposed its use in treatment of HCC. They found that supplementation of microRNA-124 directly reduced the expression of interleukin 6 receptor (IL6R), blocked the IL6-STAT3 mediated inflammatory loop, and reduced the tumor cell growth of HepG2 and SNU-449 human HCC xenografts in mice [@B87]. This result suggests the potential of using microRNA-124 therapy in HCC. Similarly, downregulation of tumor suppressor microRNAs such as microRNA-122, microRNA-101, and microRNA-203 has been associated with the development of HCC in patients. Over-expression of microRNA-221 and microRNA-21 has also been associated with tumor resistance to traditional chemotherapeutic drugs [@B88]. The finding that individual microRNAs target several hundred genes, regulate associated pathways involved in cellular pathogenesis and target microRNAs for the functional maintenance of cellular genes, further underscores the emerging importance of microRNA-mediated regulation in HCC [@B89], [@B90].

The up-regulation of microRNA-21 and microRNA-221 has been found to promote cell cycle progression, reduce apoptosis, and promote angiogenesis and invasion, while downregulation of tumor suppressor microRNAs such as microRNA-122, and microRNA-124 has been associated with the development of HCC in patients [@B91], [@B92]. Over-expression of microRNA-221 and microRNA-21 has also been associated with tumor cell resistance to traditional chemotherapeutic drugs [@B88]. Using a combined treatment approach, it is possible to target genes of these microRNAs (microRNA-21, microRNA-221, microRNA-122 and microRNA-124) simultaneously, and generate an additive effect, which can improve therapeutic outcome of HCC and other cancers when combined with different chemotherapeutic agents in combinations. The combined therapeutic approach will likely have a strong anti-proliferative effect on cancer cells, and will show substantial anti-metastatic and anti-invasive effects, in addition to making the cells sensitive to chemotherapeutic drugs. Although cellular microRNAs have been identified as potential targets for treating various cancers, the use of combination therapy where chemo- and radio- therapy combined with antioxidants, and real time imaging to measure evolving tumor response to therapy, has not even reached at its pre-clinical evaluation stage for their future use in successful clinical cancer therapies.

Ultrasound-mediated drug delivery is a safe method for spatially localized drug administration to achieve enhanced cancer therapy
---------------------------------------------------------------------------------------------------------------------------------

As stated above, the use of various combination therapies in conjunction with real time imaging can significantly improve cancer therapy. Unfortunately it doesn\'t address the issue of cancer therapy associated toxicity in non-target tissues. Normally toxicity to non-target tissues occurs only when higher doses of therapeutic agents are used for treatment. The uses of higher doses are essential to achieve efficient therapeutic index in tumors. Ultrasound (US) has been used for image-guided delivery of drugs [@B93]-[@B96]. Through a process termed "sonoporation," selective insonation of tissue actuates local formation of transient cell membrane microperforations, enhancing blood vessel wall permeability and facilitating the ingress of therapeutic agents into cells [@B97]-[@B100]. The putative primary mechanism for sonoporation is acoustic cavitation, whereby gas bodies oscillate and eventually collapse, releasing the energy necessary to induce transient cell membrane permeabilization. US-mediated drug delivery has shown to be markedly potentiated in the presence of microbubbles (MB), which serve as exogenous cavitation nuclei and reduce the US energy threshold for sonoporation to occur [@B97], [@B99]-[@B103]. From a clinically-translatable point of view, this approach is highly attractive because treatment 1) is highly-localized (only where US is applied) and guided by US imaging; 2) highly efficient, offering significantly higher local drug administration in the presence of US and MB; 3) shows sustained drug effect for several days or weeks following sonoporation [@B104]-[@B106]; and, 4) uses safe techniques (US does not expose patients to ionizing radiation; some MB formulations are already FDA approved, others are in Phase III clinical testing in the USA). However, this approach has not moved into the clinic yet and substantial improvements are needed to achieve sufficiently high treatment efficiency *in vivo*. One critical approach to improving the treatment efficiency is the optimization of treatment protocols, including acoustic parameters, microbubble selection, injection schemes, etc. A systematic parametric study tailored for tumor treatment is therefore critically needed. In addition, designing ultrasound transducers with the potential to deliver destruction pulses during drug delivery and CEUS-imaging potential to evaluate tumor response to therapy would be novel approach, which can significantly improve cancer therapy in the clinical.

Conclusion
==========

In conclusion, the future of cancer therapy depends on the recognition of the tumor as a constantly moving target that evolves countermeasures from a diverse repertoire of evasive responses to survive. In this adaptive landscape, the therapeutic approach must co-evolve with the tumor, remaining sufficiently flexible to change or abandon the initial strategy as new circumstances or conditions arise. The need to mix and match different treatment options based on the cancer cell\'s response to therapy mandates a paradigm shift from traditional "static" imaging techniques to adaptive solutions that measure variations in parameters such as blood flow and volume and tissue stiffness in the tumor dynamically. Each of these methods non-invasively assesses different parameters that are slightly or wholly different, so the integration of dynamic functional imaging technologies into routine medical practice, as a powerful adjunct to the physical examination, has the potential to provide the clinician with a more complete and up-to-date perspective for the assessment of response to treatment and tumor behavior.

The example of Axitinib and RRx-001 demonstrate not only that real-time functional imaging is clinically feasible at both early and late stage trials, but also warranted as a personalized medicine blueprint for overcoming therapeutic resistance. More over the use of combination scheme where blocking the detoxification properties of cancer cells during therapy, and the use of microRNAs to change the cellular property of drug resistance and reducing metastatic and invasive properties of cancer cells can provide significant improvement in cancer therapy. In addition, the use of US-MB image guided drug delivery platform can enhance local delivery of custom combination of therapeutics (a combination of chemotherapeutic drugs, microRNAs and small molecule inhibitors of cellular phase II detoxification mechanisms) can, along with dynamic imaging that monitors therapeutic response, further change in the clinical management of this killer disease and save lives. Cancer may have fired the opening salvo but the clinician now has the ability to employ clinical countermeasures that are as adaptable, flexible and dynamic as the real-time imaging techniques available to assess the tumor\'s response.

![Schematic illustration of the current therapeutic strategy used in the clinic and the proposed hypothetical model which can potentially improve the clinical outcome of various therapies for treating tumors of different sub-types.](thnov03p0437g01){#F1}

![Schematic illustration of three major mechanisms contributes for tumor cells resistant to various therapeutic drugs and radiotherapy. By blocking these pathways temporarily during the treatments would potentially improve therapeutic outcome of various therapies used in the clinic for treating tumors of various sub-types.](thnov03p0437g02){#F2}

###### 

PET tracer and target tumor parameters

  PET tracer                                                                                  Tumor parameter
  ------------------------------------------------------------------------------------------- --------------------------
  FDG: \[^18^F\]-fluoro-2-deoxy-D-glucose                                                     Glucose metabolism
  \[^15^O\]-water                                                                             Perfusion
  \[C^15^O\]-carbon monoxide                                                                  Vascular volume
  FLT: \[^18^F\]- 3\'-deoxy-3\'-fluorothymidine                                               Tumor cell proliferation
  FMISO: \[^18^F\]- fluoromisonidazole                                                        Hypoxia
  F18 EF-5: \[2-(2-nitro-1\[H\]-imidazol-1-yl)- N-(2,2,3,3,3-pentafluoropropyl)-acetamide\]   Hypoxia
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